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FEED CENTER FOR DENSE PHASE 
SYSTEM 


CROSS-REFERENCE TO RELATED 
APPLICATION 


This application is a divisional of U.S. patent application 
Ser. No. 16/183,541, filed Nov. 7, 2018, which is a continu- 
ation of U.S. patent application Ser. No. 15/300,600, filed 
Sep. 29, 2016, now U.S. Pat. No. 10,150,124, which is a 
U.S. National Stage Application of International Patent App. 
No. PCT/US2015/024206, filed Apr. 3, 2015, which claims 
the benefit of U.S. Provisional Patent App. No. 61/976,102, 
filed Apr. 7, 2014, the entire contents of all of which are 
hereby incorporated herein by reference as if set forth in 
their entirety herein. 


TECHNICAL FIELD OF THE INVENTION 


The invention relates generally to powder coating mate- 
rial application systems. More particularly, the invention 
relates to a feed center for dense phase powder delivery 
systems. 


BACKGROUND OF THE INVENTION 


Material application systems are used to apply one or 
more powder coating materials to an object. General 
examples are powder coating systems and other particulate 
material application systems such as may be used in the food 
processing and chemical industries. These are but a few 
examples of wide and numerous varieties of systems used to 
apply particulate materials to an object. 

There are two generally known types of dry particulate 
material transfer processes, referred to herein as dilute phase 
and dense phase. Dilute phase systems utilize a substantial 
quantity of air to push material through one or more hoses 
or other conduit from a supply to a spray applicator. A 
common pump design used in powder coating systems is a 
Venturi pump which introduces a large volume of air under 
pressure and higher velocity into the powder flow. In order 
to achieve adequate powder flow rates (in pounds per minute 
or pounds per hour for example), the components that make 
up the flow path must be large enough to accommodate the 
flow with such high air to material (in other words lean flow) 
otherwise significant back pressure and other deleterious 
effects can occur. 

Dense phase systems on the other hand are characterized 
by a high material to air ratio (in other words a “rich” flow). 
A dense phase pump is described in U.S. Pat. No. 7,150,585, 
the entire disclosure of which is appended hereto and fully 
incorporated herein by reference, and which is owned by the 
assignee of the present inventions. This pump is character- 
ized in general by a pump chamber that is partially defined 
by a gas permeable member. Material, such as powder 
coating material as an example, is drawn into the chamber 
at one end by gravity and/or negative pressure and is pushed 
out of the chamber through an opposite end by positive air 
pressure. This pump design is very effective for transferring 
material, in part due to the novel arrangement of a gas 
permeable member forming part of the pump chamber. The 
overall pump, however, in some cases may be less than 
optimal for purging, cleaning, color change, maintenance 
and material flow rate control. A useful feature of this pump 
is that it can be operated in reverse and forward modes for 
purge operations. 
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2 
SUMMARY OF THE DISCLOSURE 


A first inventive concept presented herein provides a feed 
center for a powder coating material application system. In 
an embodiment, the feed center includes a feed hopper with 
an extraction duct that may be manually opened and closed 
to suction. Additional embodiments are disclosed herein. 

A second inventive concept presented herein provides a 
dual function platform or base for a supply of powder 
coating material. In an embodiment, the platform has a 
vibratory portion and a load sensing portion. Additional 
embodiments are disclosed herein. 

A third inventive concept presented herein provides a 
color change or cleaning process for a feed center. In an 
embodiment, the process includes cleaning powder from the 
feed center with reusable powder being reclaimed to a 
powder recovery system and unusable powder being sent to 
waste. Additional embodiments are disclosed herein. 

A fourth inventive concept presented herein provides a 
color change or cleaning process or operation for a feed 
center with dense phase powder delivery is provided. In an 
embodiment, a color change or cleaning operation for a feed 
center includes using a dense phase pump to purge or assist 
in cleaning powder from the feed center. Additional embodi- 
ments are disclosed herein. 

These and other inventive concepts and embodiments as 
well as additional aspects and advantages of the inventions 
disclosed herein will be apparent to those skilled in the art 
from the following description of the exemplary embodi- 
ments in view of the accompanying drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a simplified schematic diagram of a powder 
coating material application system that may utilize the 
present inventions; 

FIG. 2 is a functional block diagram of a feed center in 
accordance with the teachings herein; 

FIG. 3 is an embodiment of the feed center of FIG. 2; 

FIG. 4 is a hopper and sleeve control valve for an 
extraction duct; 

FIG. 5 is a longitudinal cross-section of the hopper of 
FIG. 4; 

FIG. 6 is an enlarged view of the sleeve control valve of 
FIG. 4; 

FIG. 7 shows the sleeve control valve of FIG. 4 in a closed 
position during a cleaning operation; 

FIG. 7A shows another sleeve control valve in a closed 
position during a cleaning operation; 

FIG. 8 shows the sleeve control valve of FIG. 7 in an open 
position during coating operations; 

FIG. 8A shows the sleeve control valve of FIG. 7A in an 
open position during coating operations; 

FIG. 9 is an enlarged perspective of the hopper of FIG. 4; 

FIG. 10 is a longitudinal cross-section of the hopper of 
FIG. 4; 

FIG. 11 is another cross-section of the hopper of FIG. 4 
showing a discharge valve in more detail; 

FIG. 12 is another enlarged view of the illustration of FIG. 
10 showing powder ports with compound angles; 

FIG. 13 is a partial cross-section view of the feed center 
of FIG. 3; 

FIG. 14 is an enlarged view of an upper portion of the 
hopper of FIG. 4; 

FIG. 15 is a partial side view of the feed center of FIG. 3; 

FIG. 16 is another illustration of the feed center of FIG. 
3 to show vertical duct inlets; 
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FIG. 17 is a front elevation of the feed center of FIG. 3; 
and 

FIG. 18 is a schematic drawing of an exemplary dense 
phase pump that may be used with the present inventions. 


DETAILED DESCRIPTION OF THE 
INVENTIONS AND EXEMPLARY 
EMBODIMENTS THEREOF 


The disclosure and teachings herein contemplate a feed 
center for a powder coating material application system 
(also referred to herein as a powder coating system.) 
Although the exemplary embodiments illustrated herein 
relate to a dense phase powder system, the teachings and 
inventions herein are not necessarily limited to dense phase 
systems, as will be apparent to those skilled in the art An 
embodiment of a powder coating material application sys- 
tem may include a dense phase pump for particulate mate- 
rial. The pump may be used in combination with any number 
or type of spray applicator devices or spray guns, powder 
coating spray booths and material supply. 

By “dense phase” is meant that the air present in the 
particulate flow is about the same as the amount of air used 
to fluidize the material at the supply such as a feed hopper. 
As used herein, “dense phase” and “high density” are used 
to convey the same idea of a low air volume mode of 
material flow in a pneumatic conveying system where not all 
of the material particles are carried in suspension. In such a 
dense phase system, the material is forced by pressure along 
a flow path by significantly less air volume as compared to 
a conventional dilute phase system, with the material flow- 
ing more in the nature of plugs that push each other along the 
passage, somewhat analogous to pushing the plugs as a 
piston through the passage. With smaller cross-sectional 
passages this movement can be effected under lower pres- 
sures. 

In contrast, conventional flow systems tend to use a dilute 
phase which is a mode of material flow in a pneumatic 
conveying system where all the particles are carried in 
suspension. Conventional flow systems introduce a signifi- 
cant quantity of air into the flow stream in order to pump the 
material from a supply and push it through under positive 
pressure to the spray application devices. For example, most 
conventional powder coating spray systems utilize Venturi 
pumps to draw fluidized powder from a supply into the 
pump. A Venturi pump by design adds a significant amount 
of air to the powder stream. Typically, flow air and atomizing 
air are added to the powder to push the powder under 
positive pressure through a feed hose and an applicator 
device. Thus, in a conventional powder coating spray sys- 
tem, the powder is entrained in a high velocity high volume 
flow of air, thus necessitating large diameter powder pas- 
sageways in order to attain usable powder flow rates. 

As compared to conventional dilute phase systems having 
air volume flow rates of about 3 to about 6 cfm (such as with 
a Venturi pump arrangement, for example), the present 
inventions may operate at about 0.8 to about 1.6 cfm, for 
example. Thus, in the present inventions, powder delivery 
rates may be on the order of about 150 to about 300 grams 
per minute. These values are intended to be exemplary and 
not limiting. Pumps in accordance with the present inven- 
tions can be designed to operate at lower or higher air flow 
and material delivery values. 

Dense phase versus dilute phase flow can also be thought 
of as rich versus lean concentration of material in the air 
stream, such that the ratio of material to air is much higher 
in a dense phase system. In other words, in a dense phase 


25 


40 


45 


60 


65 


4 


system the same amount of material per unit time is tran- 
siting a flow path cross-section (of a tube for example) of 
lesser area as compared to a dilute phase flow. For example, 
in some embodiments of the present inventions, the cross- 
sectional area of a powder feed tube is about one-fourth the 
area of a feed tube for a conventional Venturi type system. 
For comparable flow of material per unit time then, the 
material is about four times denser in the air stream as 
compared to conventional dilute phase systems. 

With reference to FIG. 1, in an exemplary embodiment, 
the present inventions are illustrated being used with a 
powder coating material application system, such as, for 
example, a typical powder coating material application 
system 10. Such an arrangement commonly includes a 
powder spray booth 12 in which an object or part P is to be 
sprayed with a powder coating material. The application of 
powder to the part P is generally referred to herein as a 
powder spray, coating or application operation procedure or 
process, however, there may be any number of control 
functions, steps and parameters that are controlled and 
executed before, during and after powder is actually applied 
to the part. 

As is known, the part P is suspended from an overhead 
conveyor 14 using hangers 16 or any other conveniently 
suitable arrangements. The booth 12 includes one or more 
openings 18 through which one or more spray applicators 20 
may be used to apply powder coating material to the part P 
as it travels through the booth 12. The applicators 20 may be 
of any number depending on the particular design of the 
overall system 10. Each applicator can be a manually 
operated device as with device 20a, or a system controlled 
device, referred to herein as an automatic applicator 20, 
wherein the term “automatic” simply refers to the fact that 
an automatic applicator is mounted on a support and is 
triggered on and off by a control system, rather than being 
manually supported and manually triggered. The present 
inventions are directed to manual and automatic spray 
applicators. 

It is common in the powder coating material application 
industry to refer to the powder applicators as powder spray 
guns, and with respect to the exemplary embodiments herein 
we will use the terms applicator and gun interchangeably. 
However, it is intended that the inventions are applicable to 
material application devices other than powder spray guns, 
and hence the more general term applicator is used to convey 
the idea that the inventions can be used in many particulate 
material application systems other than the exemplary pow- 
der coating material application system described herein. 
Some aspects of the inventions are likewise applicable to 
electrostatic spray guns as well as non-electrostatic spray 
guns. The inventions are also not limited by functionality 
associated with the word “spray”. Although the inventions 
are especially suited to powder spray application, the pump 
concepts and methods disclosed herein may find use with 
other material application techniques beyond just spraying, 
whether such techniques are referred to as dispensing, 
discharge, application or other terminology that might be 
used to describe a particular type of material application 
device. 

The spray guns 20 receive powder from a supply or feed 
center such as a hopper 22 or other material supply through 
an associated powder feed or supply hose 24. The present 
teachings are directed to the feed center, especially the 
hopper and associated components. 

The automatic guns 206 typically are mounted on a 
support 26. The support 26 may be a simple stationary 
structure, or may be a movable structure, such as an oscil- 
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lator that can move the guns up and down during a coating 
operation or a gun mover or reciprocator that can move the 
guns in and out of the spray booth, or a combination thereof. 

The spray booth 12 is designed to contain powder over- 
spray within the booth, usually by a large flow of contain- 
ment air into the booth. This air flow into the booth is usually 
effected by a powder overspray recovery system 28. The 
recovery system 28 pulls air with entrained powder over- 
spray from the booth, such as for example through a duct 30. 
In some systems the powder overspray is returned to the feed 
center 22 as represented by the return line 32. In other 
systems the powder overspray is either dumped or otherwise 
reclaimed in a separate receptacle. An example of a powder 
recovery apparatus is a cyclone separator. 

In the exemplary embodiment herein, powder is trans- 
ferred from the recovery system 28 back to the feed center 
22 by a first transfer pump 400. A respective gun pump 402 
may be used to supply powder from the feed center 22 to an 
associated spray applicator or gun 20. For example, a first 
gun pump 402a may be used to provide dense phase powder 
flow to the manual gun 20a and a second gun pump 402b 
may be used to provide dense phase powder flow to the 
automatic gun 20b. While any suitable pump, may be 
utilized, in an exemplary embodiment, the pumps 400, 402 
include dense phase powder pumps. 

In the FIG. 1 embodiment, a second transfer pump 410 is 
used to transfer powder from a supply 412 of virgin powder 
(that is to say, previously unused) that is usually located 
within the feed center 22. Those skilled in the art will 
understand that the number of required transfer pumps 410 
and gun pumps 402 will be determined by the requirements 
of the overall system 10 as well as the spraying operations 
to be performed using the system 10. 

Although the gun pump and the transfer pumps may be 
the same design, in the exemplary embodiments there are 
differences that will be described hereinafter. Those differ- 
ences take into account that the gun pump preferably pro- 
vides a smooth consistent flow of powder material to the 
spray applicators 20 in order to provide the best coating onto 
the objects P, whereas the transfer pumps 400 and 410 are 
simply used to move powder from one receptacle to another 
at a high enough flow rate and volume to keep up with the 
powder demand from the applicators and as optionally 
supplemented by the powder overspray collected by the 
recovery system 28. 

Other than the pumps 400, 410 and 402, the selected 
design and operation of the material application system 10, 
including the spray booth 12, the conveyor 14, the guns 20, 
and the recovery system form no necessary part of the 
present inventions and may be selected based on the require- 
ments of a particular coating application. A particular spray 
applicator, however, that is well suited for use with the 
present inventions is described in International patent appli- 
cation number PCT/US04/26887, filed on Aug. 18, 2004, the 
entire disclosure of which is incorporated herein by refer- 
ence. However, many other applicator designs may be used 
as required for a particular application. A control system 39 
likewise may be a conventional control system such as a 
programmable processor based system or other suitable 
control circuit. The control system 39 executes a wide 
variety of control functions and algorithms, typically 
through the use of programmable logic and program rou- 
tines, which are generally indicated in FIG. 1 as including 
but not necessarily limited to feed center control 36 (for 
example supply controls and pump operation controls), gun 
operation control 38 (such as for example, gun trigger 
controls), gun position control 40 (such as for example 
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control functions for the reciprocator/gun mover 26 when 
used), powder recovery system control 42 (for example, 
control functions for cyclone separators, after filter blowers 
and so on), conveyor control 44 and material application 
parameter controls 46 (such as for example, powder flow 
rates, applied film thickness, electrostatic or non-electro- 
static application and so on). Conventional control system 
theory, design and programming may be utilized. 

While the described embodiments herein are presented in 
the context of a dense phase pump for use in a powder 
coating material application system, those skilled in the art 
will readily appreciate that the present inventions may be 
used in many different dry particulate material application 
systems, including but not limited in any manner to: talc on 
tires, super-absorbents such as for diapers, food related 
material such as flour, sugar, salt and so on, desiccants, 
release agents, and pharmaceuticals. These examples are 
intended to illustrate the broad application of the inventions 
for dense phase application of particulate material to objects. 
The specific design and operation of the material application 
system selected provides no limitation on the present inven- 
tions except as otherwise expressly noted herein. 

Even from the general schematic illustration of FIG. 1 it 
can be appreciated that such complex systems can be very 
difficult and time consuming to clean and to provide for 
color change. Herein we use the terms color change and 
cleaning operations interchangeably because any color 
change operation will usually involve a cleaning operation. 
Typical powder coating material is a very fine particulate 
and tends to be applied in a fine cloud or spray pattern 
directed at the objects being sprayed. Even with the use of 
electrostatic technology, a significant amount of powder 
overspray is inevitable. Cross contamination during color 
change is a significant issue in many industries, therefore it 
is important that the material application system be able to 
be thoroughly cleaned between color changes. Color 
changes however necessitate taking the material application 
system offline and thus is a significant cost driver. 

The feed center concepts presented herein work particu- 
larly well with a dense phase pump that can be purged in an 
opposite direction. It should be noted that the ability to 
optionally purge in only the forward or reverse direction 
provides a better purging capability because 1f purging can 
only be done in both directions at the same time, the purge 
air will flow through the path of least resistance whereby 
some of the powder path regions may not get adequately 
purged. For example, when trying to purge a spray appli- 
cator and a supply hopper, if the applicator is completely 
open to air flow, the purge air will tend to flow out the 
applicator and might not adequately purge the hopper or 
supply. 

With reference next to FIG. 2, a feed center 100 may 
include a hopper 102 having one or more inlets that are used 
for receiving and fluidizing powder coating material from a 
first or virgin supply 104 and optionally for receiving and 
fluidizing previously unused powder coating material from 
a second or reclaim supply 106. The first supply 104 may be, 
for example, a container B such as a box of new powder 
coating material M (material M). The second supply 106 
may be the powder overspray recovery system 28 associated 
with the spray booth 12, for example, a cyclone separator 
that supplies reclaim powder coating material R (material 
R). In FIG. 2 the container B is shown in dashed lines 
because the box is positioned in two different locations 
within the feed center 100, a first position being for a coating 
Operation in which the powder coating material M is drawn 
from the container B, and a second position being for a 
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cleaning operation in which the container B is not full and 
may be used as a first receptacle to collect unused powder 
(e.g., virgin powder or a mixture of virgin and reclaim 
powder) to reclaim for future use. 

A first transfer pump 108 (for example, on an exterior 
surface of the feed center enclosure 208, as shown in FIG. 
3), such as a dense phase pump described hereinabove, may 
be used to remove powder coating material M from the 
container B through a suction hose S that is connected to a 
suction tube 110 and to push the material M through a first 
supply hose 112 to a first powder inlet 114 into the hopper 
102 at a location that is above an optional sieve 116. A 
second transfer pump 118, which may also be a dense phase 
pump described hereinabove, may be used to remove the 
reclaim powder coating material R from the recovery system 
28, for example an outlet of a cyclone (not shown), and to 
transfer the material R through a second supply hose 120 to 
a second powder inlet 122 into the hopper 102 also at a 
location that is above the optional sieve 116. As noted above, 
each transfer pump may be operated in purge mode, mean- 
ing that for a cleaning operation each transfer pump can push 
powder that remains in the pump and hoses back to the feed 
center 100, by connection of the suction and discharge hoses 
to the purge ports, a cyclone pan, and/or a waste vessel 
during the purge sequence. Thus, the first transfer pump 108 
pushes waste powder W2 into a first purge inlet 124 and the 
second transfer pump 118 pushes waste powder W3 into a 
second purge inlet 126. During a cleaning operation, the 
operator manually disconnects the first supply hose 112 from 
the first powder inlet 114 and connects it to the first purge 
inlet 124; and disconnects the second supply hose 120 from 
the second powder inlet 122 and connects it to the second 
purge inlet 126. The end of the suction tube 110 is with- 
drawn from the box and connected to a third purge inlet 125 
(FIG. 3). These purge inlets are connected in fluid commu- 
nication with an enclosure extraction duct 128 (described in 
greater detail below) through hoses and do not feed into the 
hopper 102. The waste powder W2/W3 does not actually 
enter into the hopper 102 but rather is routed within a 
housing (not shown in FIG. 2) that encloses the hopper 102 
to the enclosure extraction duct 128. The enclosure extrac- 
tion duct 128 is in fluid communication with an after filter 
or other waste/dump collection system 130 (FIG. 2). 

In the lower portion of the hopper 102 is a fluidizing bed 
or plate 132 which is spaced above a bottom wall or floor 
134 of the hopper 102 so as to provide a plenum 136. 
Pressurized fluidizing air P is supplied from an air source 
138 to the plenum 136. As is known, the fluidizing bed 132 
is porous to air and not to the material M and R so that the 
fluidizing air produces a volume of fluidized material within 
the hopper 102. The hopper 102 includes a plurality of 
powder outlet ports 140 each of which may be connected by 
a feed hose 142 to a gun pump 144. Each gun pump 144 may 
be a dense phase pump as described hereinabove and draws 
fluidized dense phase powder from the hopper 102 and 
moves the powder to a spray gun over at the spray booth. In 
such an embodiment, the gun pump 144 may also be 
operated in a purge mode in which purge air is provided in 
a reverse direction from the pump 144 into the hopper 102 
through the same powder outlet port 140 that the gun pump 
144 used to draw powder from the hopper 102. Although 
FIG. 2 shows the gun pump purge as a separate “line” into 
the hopper 102, in practice the gun pump purge is reversed 
through the same feed hose 142 into the same powder outlet 
port 140 (being used as a purge inlet into the hopper 102 
during a cleaning operation.) Therefore, during a cleaning 
operation all the gun pumps purge back into the hopper 102. 
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According to an aspect of the present application, a 
hopper for a coating system feed center may be configured 
such that in a cleaning mode of operation, a suction from at 
least one suction source may be applied to the hopper to 
remove any powder coating material from an internal vol- 
ume of the hopper through an extraction duct (and delivering 
the removed material, for example, to a recovery system or 
a waste collection system), and in a coating mode of 
operation, the hopper is in fluid communication with an 
enclosure surrounding the hopper, to maintain the hopper at 
substantially ambient pressures for effective continued flu- 
idization of the powder coating material. While many 
arrangements may be utilized to provide selective fluid 
communication between the hopper and the surrounding 
enclosure, in one embodiment, a control valve connecting 
the hopper to the extraction duct may be operable to provide 
an exterior opening to allow pressurized fluidizing air to be 
exhausted from or otherwise exit the hopper (to prevent 
increases in positive pressure within the hopper) and/or to 
provide a suction break between the hopper and a suction 
source preventing at least some of the suction from being 
applied by the at least one suction source to the hopper (to 
prevent increases in negative pressure within the hopper). 

In the illustrated embodiment, a control valve 146 is 
connected to an extraction duct 148 for controlling removal 
of powder coating material from an extraction outlet 150 of 
the hopper 102 during a cleaning operation. The duct 148 
may be in fluid communication with the waste/dump col- 
lection system 130 (FIG. 2), through an inlet portion 215 
connected to the enclosure extraction duct 128. Alterna- 
tively, the extraction duct 148 may be in fluid communica- 
tion with the powder recovery system 28 such as an inlet to 
a cyclone. The exemplary control valve 146 has at least two 
positions. In a first position for coating operations, the 
control valve 146 is open (e.g., to the feed center enclosure) 
and provides an exterior port opening to maintain ambient 
pressure within the hopper, and a fluidized condition of the 
powder coating material. In some embodiments, suction to 
the first extraction duct is blocked or sufficiently reduced 
(e.g., by a flow control valve) to allow pressurized fluidizing 
air to exit the hopper through the exterior port opening. In 
other embodiments, suction to the first extraction duct is at 
least partially maintained, and the exterior port opening may 
function as a suction break to prevent suction from being 
applied to the hopper, at least partially interrupting the 
application of the suction from the suction source to the 
hopper. 

In a second position for cleaning operations, the control 
valve 146 is closed (i.e., the exterior port opening is closed 
or blocked), meaning that the control valve 146 allows the 
extraction duct 148 (and hence the waste/dump collection 
system 130, or alternatively, the recovery system 28) to 
apply suction to the hopper. In some embodiments, the 
control valve may be operable to additional intermediate or 
partially open positions, for example, to provide a reduced 
suction break. 

A platform or base 152 may be used for the first supply 
104 and may include two sections. A first section 152a may 
be a slanted or angled (with respect to horizontal) support 
surface 154 that tilts the container B towards a lower corner 
B1. The suction tube 110 during a coating operation extends 
down into the container B near the lower corner B1 so as to 
be able to draw as much of the material M from the container 
Bas possible. The first section 1529 may include an optional 
vibrator motor 156 to vibrate the container B so as to assist 
in urging the material M towards the lower corner B1. The 
second section 1525 may include a flat support surface 158 
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and is preferably positioned under the hopper 102. The 
hopper 102 includes a discharge valve 160 that when open 
will dump powder from the hopper 102 into the container B. 
The second section 152b may include an optional load cell 
or sensor 162 for weighing the container B either as a new 
full container to obtain an initial weight of the material, and 
a weight of the powder remaining after discharge from the 
hopper 102 during a cleaning operation. The difference in 
the two values provides an indication of the amount of 
powder used during the coating operations. 

During a coating operation the container B is placed on 
the vibratory first section 152a, somewhat off to the side so 
that the suction tube 110 can be inserted down into the 
container B. During a cleaning operation, the container B is 
moved from the first section 1520 and placed on the flat 
horizontal surface 158 under the discharge valve 160 so that 
when the discharge valve 160 is opened, powder will be 
discharged from the hopper 102 into the container B for 
re-use. Although FIG. 2 illustrates the platform sections 
152a and 152b as two separate parts, such is exemplary. As 
an alternative, the sections 152a and 152b may be part of a 
single unit, along with isolating the load cell 162 from the 
vibrations from the motor 156. 

With reference to FIG. 3, an embodiment of a feed center 
100 is illustrated. The feed center 100 is illustrated for a 
cleaning operation. The feed center 100 may include a 
housing 164 that encloses the hopper 102, along with hoses 
that can be routed out of view. The housing 164 may include 
a front cover 166 that is easily removable so that an operator 
has easy access to the hopper 102 and related parts. The feed 
center 100 may also include the first transfer pump 108, the 
suction tube 110 and the extraction duct 148 with the control 
valve 146 being realized in the form of an external sleeve 
(described further below and also referred to herein as a 
sleeve control valve 146.) In other embodiments, other types 
of control valves may be used. The platform 152 is shown 
with the container B still positioned on the slanted vibratory 
section 1529 prior to being moved over to the flat section 
152b. The suction hose S is not shown but would connect the 
suction tube 110 to the suction input of the first transfer 
pump 108. 

FIG. 4 illustrates the hopper 102 shown without the 
housing 164 but including the extraction duct 148 and the 
sleeve control valve 146. FIG. 5 is a longitudinal cross- 
section of the hopper 102 with the cap 172 in the lowered 
clamped position. The hopper 102 may include a cylinder 
168 that holds the material M and R that is fluidized and 
drawn out by the gun pumps 144. The cylinder 168 is 
mounted on a powder ring 170 having the plurality of the 
powder outlet ports 140. The powder ring 170 is mounted to 
the air plenum 136 that is enclosed by the fluidizing plate 
132 (not visible in FIG. 4.) A cover or cap 172 may be 
hinged to the upper end of the cylinder 168 so that the cap 
172 can be swung down to operate in a coating operation 
position (see FIG. 5) when the valve 146 is open and to 
operate in a first cleaning position when the valve 146 is 
closed. The cap 172 (or other such opening portion of the 
hopper) may be swung or pivoted up for a second cleaning 
position. A clamp arrangement 174 may be used to tightly 
secure the cap 172 to the hopper cylinder 168. The sieve 116 
is visible in FIG. 4 as well as the discharge valve 160. Also 
shown in FIG. 5 are three level sensors 176a, b and c that 
may be used to detect the level of material in the hopper 102. 
The upper level sensor 176a may be used to turn the first 
transfer pump 108 off when the hopper is full; the middle 
level sensor 1765 may be used to turn the first transfer pump 
108 on when material M can be added. The lower level 
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sensor 176c may be used to shut down the feed center 100 
(or that material application system) because there would be 
insufficient material M for coating operations. 

FIG. 6 shows the lower portion of the extraction duct 148 
and the sleeve control valve 146 (also referred to herein as 
a sleeve valve for short.) The sleeve valve 146 may include 
a sleeve 145 that slip fits over the lower end of the extraction 
duct 148. FIG. 4 shows the sleeve 145 in a fully raised 
position. This allows the cap 172 to be swung up to its 
second cleaning position. The sleeve and extraction duct 
may include an interlocking arrangement to support and 
maintain the sleeve in a raised position. For example, as 
shown in FIG. 6, the interlocking arrangement may include 
a hook 180 on an upper end of the sleeve 145 that engages 
a pin 182 on the extraction duct 148. When engaged, the 
hook 180 supports and maintains the sleeve 145 in the raised 
position. In another exemplary embodiment (not shown), the 
sleeve valve may be secured to the extraction port of the 
hopper, and may be disengaged from the extraction duct by 
lowering the sleeve toward the hopper. 

FIGS. 7 and 8 illustrate the sleeve valve 146 in a closed 
position and an open position respectively, but in both cases 
the sleeve 146 has been lowered to engage a tube or other 
such extraction port 184 on an upper portion of the cap 172. 
As shown in FIG. 5, the extraction port 184 is in fluid 
communication with the interior volume 186 defined by the 
cap 172 above the sieve 116. When the valve 146 is closed 
(FIG. 7) and engaged with the extraction port 184, the 
powder recovery system 28, (or alternatively, the waste 
collection system 130) (FIG. 2) can apply suction and draw 
powder from the hopper 102 as part of the cleaning opera- 
tion. Powder can be drawn through the sieve 116, or the 
sieve 116 can be removed and separately cleaned, or both. 

In an exemplary embodiment, as shown in FIGS. 7 and 8, 
the control valve 146 includes a first or primary sleeve 145 
that is axially lowered and raised for connection and dis- 
connection of the extraction duct with the hopper, as 
described above, and a second or secondary sleeve 147 that 
can be actuated to slide on the primary sleeve to operate the 
control valve between open and closed positions. In the open 
position, an opening 185 in the first sleeve 145 aligns with 
an opening 187 in the second sleeve 147 to create, form, or 
otherwise define the exterior port opening 189. In the closed 
position, the second sleeve opening 187 is moved out of 
alignment with the first sleeve opening 185 to block, close, 
or otherwise eliminate the exterior port opening 189. In the 
illustrated embodiment, the second sleeve 147 may rotation- 
ally slide on the first sleeve 145 between open and closed 
positions, and may be retained in a recessed track 149 in the 
first sleeve. In another exemplary embodiment (not shown), 
the second sleeve may axially or longitudinally slide on the 
first sleeve between open and closed positions, with the 
second sleeve covering an opening in the first sleeve in a 
closed position, and uncovering the first sleeve opening in an 
open position. 

If suction has been shut off from the first extraction duct 
148 (e.g., by one or more shutoff valves), the exterior 
opening 189 allows fluidizing pressurized air to exit the 
hopper, to maintain circulation of fluidizing air during the 
coating process. If suction is maintained at the first extrac- 
tion duct 148, ambient air exterior to the hopper may be 
drawn in through the exterior port and into the extraction 
duct, thereby effectively breaking suction to the hopper, with 
only enough fluidizing air exiting the hopper to maintain 
ambient pressure within the hopper. As a result, powder 
material exterior to the hopper may be pulled into the 
extraction duct for delivery to the recovery system or the 
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waste collection system. In some embodiments, suction 
from the first extraction duct 148 may be reduced (e.g., by 
partially closing a shutoff valve) to prevent or minimize any 
suction applied to the hopper. 

The open position of the control valve 146 is therefore the 
position used for coating operations, to permit passage of 
fluidizing pressurized air through the hopper and/or to 
eliminate the application of suction into the hopper while the 
hopper is fluidizing powder for coating operations. The 
control valve 146 therefore has at least three distinct posi- 
tions. In the first lowered or connecting position (FIG. 7) the 
first sleeve opening 185 is covered and this is the first 
cleaning position (control valve 146 is closed.) In the second 
connecting position (FIG. 8) the first sleeve opening 185 is 
uncovered and this is the coating operation position (control 
valve 146 is open). In the third or raised position (FIG. 4), 
the cap 172 can be raised or pivoted open for further 
cleaning of the hopper 102. 

In another embodiment, as shown in FIGS. 7A and 8A, 
the extraction duct 148a includes an opening 1884 that is 
opened and closed depending on the rotational position of 
the sleeve 145a. The sleeve 145a includes a complementary 
opening 190a. The exemplary sleeve 1459 is not only able 
to be vertically or axially raised and lowered, but it can also 
be rotated about its longitudinal axis. In a closed position, 
the sleeve 145a covers the opening 188a in the extraction 
duct 148a because the sleeve opening 190a not in alignment 
with the opening 188a in the extraction duct, which allows 
suction to be applied to the interior volume of the cap 172a 
and the hopper cylinder 168a. Therefore, this is a first 
cleaning position for the sleeve 1454 so that the bulk of the 
powder can be removed and recovered by the recovery 
system. In a second rotated position, the sleeve opening 
1900 can be aligned with the extraction duct opening 1880 
to define an exterior port opening 189৫. 

As described above, the exterior port opening may pro- 
vide an exit for pressurized fluidizing air pumped into the 
hopper when the suction source is blocked or eliminated. 
The pressurized fluidizing air exiting the control valve may 
carry powder coating material particles. While the exiting 
powder coating material particles may be permitted to 
remain in the feed center enclosure 208 until a cleaning 
operation after conclusion of the coating process, in another 
embodiment, an additional extraction duct may be arranged 
to pull powder coating material away from the exterior port 
opening, for delivery of the exiting powder coating material 
to a waste or recovery system as described above. 

FIGS. 3 and 8 illustrate a second extraction duct or tube 
230 that extends into the feed center enclosure 208 proxi- 
mate the exterior port opening 189. A gap or space may be 
provided between the end of the extraction duct 230 and the 
exterior port opening 189, such that the negative pressure or 
suction pulled by the extraction duct 230 is not directly 
applied to the hopper 102. Instead, the suction of the 
extraction duct 230 is sufficient to only (or at least primarily) 
pull in or capture at least some of the powder coating 
material that has exited the hopper 102 and the control valve 
146. The second extraction duct may be in fluid communi- 
cation with the same suction source as the first extraction 
duct 148. In another exemplary embodiment, the first extrac- 
tion duct may be in fluid communication with a suction 
source of a waste collection system, and the second extrac- 
tion duct 230 may be in fluid communication with a suction 
source of a material recovery system 28, for example, to 
re-circulate the material back to the hopper 102. 

Many different types of suction sources or vacuum gen- 
erators may be used to recover powder coating material 
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exiting the control valve 146. In an exemplary embodiment, 
the suction source includes an air amplifier 260 supplied 
with pressurized air from a vertical support tube 262 and a 
connecting elbow 264. The air amplifier may be configured 
to provide a steady suction draw (e.g., about 25 cfm), with 
a periodic pulse of increased suction draw (e.g., about 150 
cfm), for example, to evacuate powder coating material that 
has settled in the second extraction duct. 

To prevent suction of the exiting powder coating material 
into the first extraction duct 148, for example, during a 
coating operation, a shutoff valve may be provided between 
the first extraction duct 148 and the suction source. During 
the coating operation, the shutoff valve may be maintained 
in a closed position. During a cleaning operation, the shutoff 
valve may be opened to apply suction to the hopper (e.g., at 
about 800 cfm) through the first extraction duct 148 and the 
closed (i.e., blocked exterior port) control valve 146. In the 
illustrated embodiment, a shutoff valve 240 (e.g., a butterfly 
valve) is assembled to the first extraction duct 148 above the 
feed center enclosure 208. Additionally, a second valve 242 
(e.g., a butterfly valve) may be provided between the enclo- 
sure extraction duct 128 and the suction source. In the 
illustrated embodiment, the second valve may be partially 
closed during the coating operation to apply dampened 
suction forces (e.g., about 800 cfm) to the interior of the feed 
center enclosure, for example, for extraction of powder 
expelled into the enclosure 208 by the vibrating container B 
without applying the full suction (e.g., about 1800 cfm) of 
the cleaning operation. While the valves 240, 242 may be 
manually operated when changing between coating and 
cleaning operations, in the illustrated embodiment, the 
valves 240, 242 are provided with pneumatically actuated 
linkage mechanisms 241, 243 to automatically operated the 
valves when changing operations of the feed center. 

In some systems, the second extraction duct 230 may be 
used selectively during coating operations, for example, 
depending on whether the user desires to recover the 
expelled powder coating material. For example, during short 
or limited coating operations in which recovery of expelled 
powder is not desired, the second extraction duct may be 
inactive (e.g., by turning off or blocking the suction source 
provided for the second extraction duct) and the suction 
source provided for the first extraction duct may be main- 
tained, by keeping the shutoff valve 240 in at least a partially 
Open position. As a result, powder coating material exiting 
the hopper through the extraction port will be pulled into the 
first extraction duct 148 for delivery to the waste collection 
system. During longer or extended coating operations (or 
where the powder coating material is more costly) in which 
recovery of expelled powder is desired, the second extrac- 
tion duct may be active (e.g., by turning on or opening the 
suction source provided for the second extraction duct) and 
the suction source provided for the first extraction duct may 
turned off or blocked by closing the shutoff valve 240. As a 
result, powder coating material exiting the hopper through 
the exterior opening 189 will be pulled into the second 
extraction duct 230 for delivery to the recovery system. 

FIG. 9 shows the hopper 102 with the cap 172 closed or 
lowered. The powder ring 170 includes the plurality of 
powder outlet ports 140 that get connected to the gun pumps 
144 (FIG. 2.) Two powder inlet ports are also provided in the 
cap 172, including the virgin powder inlet port 114 and the 
reclaim powder inlet port 122. Preferably but not necessarily 
each powder inlet port 114, 122 provides a tangential entry 
into the interior volume 186 of the cap 172 above the sieve 
116. This produces a swirling action of the material within 
the cap 172 to assist the sieve 116. The sieve 116 may be an 
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ultrasonic sieve, such as available commercially from 
Artech in Switzerland, but other ultrasonic sieves may also 
be used as appropriate. The hinge connection 192 of the cap 
172 to the cylinder 168 is also shown in FIG. 9. 

Each of the powder outlet ports 140 is formed with a 
compound angle such that each port 140 opens to the interior 
volume 186 of the cap 172 aimed downward and near 
tangentially. This is best represented in FIG. 10 with the 
direction lines 193 added to show the directional angle of the 
ports 140. In this way, when the gun pumps 144 are operated 
in reverse so as to apply purge air into the hopper 102 
through the ports 140, the pressurized air is directed down- 
ward and towards the comer 194 between the powder ring 
170 interior wall surface 196 and the top surface of the 
fluidizing plate 132. The powder ring 170 is circular, and the 
plurality of ports 140 are evenly spaced around the interior 
circumference of the ring 170, so that the compound angle 
of the ports 140 has the net effect of sweeping the corner 194 
about the entire internal circumference of the powder ring to 
remove material that could become trapped in the corner 
area. 

FIGS. 11 and 12 further show the compound angle of the 
ports 140. FIG. 11 also shows in cross-section the discharge 
valve 160. In an embodiment, the discharge valve 160 may 
be realized in the form of a pneumatic pinch valve having a 
flexible hollow pinch valve member 200 that is disposed in 
a sealed pressure chamber 202. When pressurized air is 
introduced into the pressure chamber 202 the pinch valve 
member 200 is pinched closed. When the pressure is vented, 
the pinch valve member opens due to the natural resilience 
of the material, which may be rubber for example. The pinch 
valve member 200 is in fluid communication through an 
adapter 204 with the interior volume of the powder ring 170 
above the fluidizing plate 132 so that material can be 
dumped out of the hopper 102 when the discharge valve 160 
is open. 

FIG. 13 (see also FIG. 16) illustrates an embodiment of 
the enclosure extraction duct 128. The enclosure extraction 
duct 128 may be located behind, and may be partially 
defined by, an internal surface or wall 206 that forms part of 
the feed center support structure or enclosure 208 (FIG. 3.) 
FIG. 13 is shown in partial longitudinal section to reveal the 
duct 128. The enclosure extraction duct may have a plurality 
of inlet portions, and the enclosure extraction duct 128 may 
be under negative pressure or suction from the after filter and 
waste collection system 130 (FIG. 2). A first duct inlet 
portion 210 may be provided near the floor 212 of the feed 
center enclosure 208 to pull powder in that may have fallen 
to the floor and also to create a downward air movement to 
help pull airborne powder particles out of the enclosure 208. 
A second duct inlet portion 214 may be provided that is 
about flush with an upper surface 216 of the hopper housing 
164. This may be a useful location when the cap 172 is ina 
raised position to allow an operator to clean off the sieve by 
removing the sieve and using an air wand or other means, as 
well as to clean off the flat upper surface 216. The duct inlet 
portions 210, 214 may extent rearward into a vertically 
extending portion of the enclosure extraction duct 128. 

The second duct inlet portion 214 may be provided with 
a circular or other shape aperture 218 that receives or aligns 
with an end portion of the extraction port 184 of the cap 172. 
When the cap 172 is in the raised or pivoted open position, 
as in FIG. 14 (also compare with FIG. 15), the end portion 
of the extraction port 184 is facing and may be received in 
the duct aperture 218. This allows an operator to clean off 
the interior of the cap 172 and may also be used if the sieve 
116 is separately cleaned. It should also be noted that the 
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pump purge connections 124, 126 may also be in fluid 
communication with the enclosure extraction duct 128 
through hoses that are routed within the housing 164 interior 
space. 

While inlet portions in the enclosure extraction duct may 
be provided in a variety of configurations, in the illustrated 
embodiment, the inlet portions are defined by one or more 
panels 252, 254 secured over apertures 251, 253 in the 
enclosure wall 206, and spaced apart from the wall surface 
to define gaps 255, 257 adjacent to the apertures. These gaps 
may provide elongated vertical and horizontal slot-like duct 
inlets oriented to draw in powder coating material (or other 
particulate) that would otherwise collect in corners and 
edges within the enclosure. In an exemplary embodiment, 
the panels 252, 254 may be secured to the enclosure wall 206 
by fasteners that are adjustable to provide a variable offset 
between the panel and the enclosure wall to adjust the gap 
width, for example, to increase suction flow velocity (by 
narrowing the gap) or to increase the area through which the 
powder coating material may be pulled (by widening the 
gap). 

With reference again to FIG. 14, as noted hereinbefore, 
one or more gun pumps (144 in FIG. 2, 402 in FIG. 1) may 
be used with the hopper 102 to supply powder coating 
material to a respective spray gun 20 (FIG. 1.) In an 
embodiment of another inventive concept presented herein, 
one or more of the gun pumps 144 may be supported on a 
wall 220 of the feed center enclosure 208, and behind a clear 
transparent panel 222. This allows the gun pumps 144 to be 
observed during operation, particularly for an embodiment 
in which the gun pump 144 includes a transparent pinch 
valve body 224. The transparent panel 222 may be mounted 
flush with an interior panel 226 of the enclosure 208 
preferably to form a continuous surface that is easy to clean 
with an air wand, for example. The powder removed from 
the interior surfaces may be drawn into the enclosure 
extraction duct 128 through any of the inlets 210, 214, 218. 

As another optional embodiment, each gun pump 144 
may be illuminated while the gun pump is operating. For 
example, a light source (not shown) may be positioned as 
appropriate to illuminate the transparent pinch vale body 
224. For example, an LED or other suitable lamp may be 
used to illuminate the associated gun pump 144. The gun 
pumps 144 may be illuminated with different colors, differ- 
ent intensity, or different flashing (or non-flashing) condi- 
tions that may optionally encode various performance con- 
ditions. For example, if the gun pump is illuminated steadily 
with a blue light it may indicate the pump is running 
normally and within specification. A blinking illumination 
may be used as a warning indicator that one or more 
operating parameters of the gun pump is out of range or 
specification. No illumination may be used to indicate the 
pump is off or has been interrupted due to a possible 
operational problem. As another alternative, different color 
lights may be used. For example, blue could indicate normal 
operation, yellow used as a warning indicator and red used 
to indicate a problem requiring immediate attention. Many 
different embodiments may be used as visual indications as 
to the pump status. Another example of pump status may be 
to indicate status as to air pressure and/or air flow that is used 
to operate the pump pinch valves. Another example would 
be to indicate status of airflow used to pull powder into a 
pump chamber and air flow used to push powder out of the 
pump chamber. FIG. 14 illustrates all the gun pumps 144 in 
an illuminated condition. 

An exemplary cleaning operation will now be described. 
First assume that the feed center 100 is in the position of 
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FIG. 17 in which a coating operation has been completed 
and the container B has been moved to the flat support 
surface 158 of the platform 152. The cap 172 is in the closed 
position and the sleeve valve 146 is still open meaning that 
the exterior opening 189, 1899 is provided (by alignment of 
the second sleeve opening 187 with the first sleeve opening 
185 in the embodiment of FIGS. 7 and 8, or alignment of the 
sleeve opening 190a with the first extraction duct opening 
1884 in the embodiment of FIGS. 7A and 8A). The suction 
tube 110 is connected to the third purge inlet 125 (FIG. 3). 
The spray guns may be purged and the powder recovery 
system is operational. The discharge valve 160 is opened to 
dump powder from the hopper 102 to the container B. The 
box can be weighed and then removed and the discharge 
valve 160 closed. Then the gun pumps 144 may be soft 
purged (e.g., a slow build to about 40 psi over about 10 
seconds) back into the hopper 102, for example, to more 
effectively discharge powder that has settled in the hoses. 
Next the virgin supply hose 112 is moved to the first purge 
inlet 124 and the reclaim supply hose 120 is moved to the 
second purge inlet 126. The tangential inlets 114 and 122 
may be plugged. The sleeve valve 146, 146a is closed (by 
rotating the second sleeve so that the second sleeve opening 
187 is not aligned with the first sleeve opening 185 in the 
embodiment of FIGS. 7 and 8, or by rotating the sleeve 145a 
so that the sleeve opening 190a is not aligned with the first 
extraction duct opening 1889 in the embodiment of FIGS. 
7A and 8A), in order to cover or close off the exterior port 
opening 189, 1890. This allows suction to be applied to the 
interior of the hopper 102 via the waste collection system 
130 or the powder recovery system 28. Then the pumps may 
be hard purged (e.g., at about 40 psi) back to the hopper 102 
and the transfer pumps 108, 118 may be hard purged into the 
enclosure extraction duct 128. The sleeve 145 is then raised 
to allow the cap 172 to be raised or rotated to the position 
such as in FIG. 3. In the raised position, the extraction port 
184 of the cap aligns with the third inlet 218 to the enclosure 
extraction duct 128. The cap 172 can be cleaned off by 
blowing powder through the third duct inlet 218 and the 
sieve 116 can be removed and cleaned. The sieve 116 may 
also be cleaned by leaving it in place while the sleeve valve 
146 is in the closed position. The interior surfaces of the feed 
center enclosure 208 may also be blown off with the powder 
being collected into the enclosure extraction duct 128 
through the inlets 210, 214 and 218. 

We have referred to a dense phase powder pump in the 
above disclosure, which are also commonly known as high 
density powder pumps. There are many different dense 
phase pumps available commercially, and one such pump is 
described in U.S. Pat. Nos. 7,997,878; and 7,150,585, the 
entire disclosures of which are fully incorporated herein by 
reference. With reference to FIG. 18, an exemplary dense 
phase pump 1400 may use at least one or more pump 
chambers 1402 in the form of a hollow cylinder 1404 made 
of an air porous material 1406. The material 1406 for the 
pump chamber 1402 may be but need not be similar to the 
air diffuser (e.g., sintered polyethylene) described in Inter- 
national patent application number PCT/US2013/029607, 
filed on Mar. 7, 2013, the entire disclosure of which is 
incorporated herein by reference. Each pump chamber 1402 
is disposed in a pressure chamber 1408 such that powder is 
drawn into a pump chamber volume 1410 from a powder 
supply 1411 through a feed hose 1412 when the pressure 
chamber 1408 has negative pressure applied from a vacuum 
source 1414, and powder is pushed out of the pump chamber 
1408 to a supply hose 1418 when positive pressure is applied 
from a pressure source 1416 to the pressure chamber volume 
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1410. Control of powder into and out of the pump chambers 
may be accomplished with powder flow control valves, for 
example, pneumatic pinch valves 1420 (powder in) and 
1422 (powder out) respectively, which open and close out of 
phase with respect to each other as is known. Pressure 
control valves, for example vacuum control valve 1424 and 
positive pressure control valve 1426 may also be used to 
control the timing of when negative and positive pressure 
cycles occur. The low flow air for dense phase powder flow 
arises from the use of pressure to move the powder, as 
opposed to high velocity air as used in a dilute phase powder 
pump such as a Venturi pump. Different dense phase powder 
pump designs may produce powder flows that vary in the 
powder/air ratio or in other words how rich the powder flow 
is into the spray gun, and similarly different Venturi pump 
designs may produce different levels of lean powder flows. 
For this reason we do not limit the disclosure herein to a 
definition of what is dense phase versus dilute phase. But a 
dense phase powder flow will typically be used with smaller 
diameter or cross-sectional powder flow paths as compared 
to a dilute phase powder flow path due to the lower flow air 
volume in the powder flow. The schematic of FIG. 18 shows 
an embodiment of the inventive concept of a hybrid spray 
gun 1040 that uses a dense phase powder flow into the spray 
gun and sprays the powder from a dilute phase front end. 

While various aspects and features and concepts of the 
inventions are described and illustrated herein as embodied 
in various combinations in the exemplary embodiments, 
these various aspects, features and concepts may be realized 
in many alternative embodiments, either individually or in 
various combinations and sub-combinations thereof. Unless 
expressly excluded herein all such combinations and sub- 
combinations are intended to be within the scope of the 
present invention. Still further, while various alternative 
embodiments as to the various aspects and features of the 
invention, such as alternative materials, structures, configu- 
rations, methods, devices and so on may be described herein, 
such descriptions are not intended to be a complete or 
exhaustive list of available alternative embodiments, 
whether presently known or later developed. Those skilled 
in the art may readily adopt one or more of the aspects, 
concepts or features of the various inventions into additional 
embodiments within the scope of the present inventions, 
even if such embodiments are not expressly disclosed 
herein. Additionally, even though some features, concepts or 
aspects of the inventions may be described herein as being 
a preferred arrangement or method, such description is not 
intended to suggest that such feature is required or necessary 
unless expressly so stated. Still further, exemplary or rep- 
resentative values and ranges may be included to assist in 
understanding the present inventions however, such values 
and ranges are not to be construed in a limiting sense and are 
intended to be critical values or ranges only if so expressly 
stated. Additionally, even though some features and aspects 
and combinations thereof may be described or illustrated 
herein as having a specific form, fit, function, arrangement 
or method, such description is not intended to suggest that 
such descriptions or illustrated arrangements are required or 
necessary unless so expressly stated. Those skilled in the art 
will readily appreciate additional and alternative form, func- 
tion, arrangement or methods that are either known or later 
developed as substitute or alternatives for the embodiments 
and inventions described herein. 

The inventions have been described with reference to the 
exemplary embodiments. Modifications and alterations will 
occur to others upon a reading and understanding of this 
specification and drawings. It is intended to include all such 
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modifications and alterations insofar as they come within the 
scope of the appended claims or the equivalents thereof 


What is claimed is: 

1. A feed center for a powder coating material, the feed 
center comprising: 

a hopper in fluid communication with a fluidizing pres- 

sure source; 

an enclosure surrounding the hopper; and 

an extraction duct in fluid communication with at least 

one suction source to pull powder coating material 
exterior to the hopper into the extraction duct for 
cleaning the enclosure, 

wherein the extraction duct is at least partially defined by 

an internal surface of the enclosure and a panel secured 
over an aperture in the internal surface of the enclosure, 
the panel being spaced from the internal surface of the 
enclosure to define a gap for receiving the powder 
coating material into the extraction duct. 

2. The feed center of claim 1, comprising at least one duct 
inlet portion that is open to the extraction duct and config- 
ured to receive powder from within the enclosure into the 
extraction duct. 

3. The feed center of claim 2, wherein the at least one duct 
inlet portion comprises a duct inlet portion that is disposed 
adjacent a floor of the enclosure such that the duct inlet 
portion is configured to pull powder into the extraction duct 
that may have fallen to the floor. 

4. The feed center of claim 2, wherein the at least one duct 
inlet portion comprises a duct inlet portion that is disposed 
adjacent to an upper surface a housing of the hopper. 
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5. The feed center of claim 1, comprising a suction source 
in fluid communication with the extraction duct such that the 
suction source is configured to apply a suction force to the 
extraction duct. 

6. The feed center of claim 1, comprising a valve that is 
configured to selectively open and close the enclosure 
extraction duct to a suction source. 

7. The feed center of claim 1, comprising an extraction 
duct that is connectable to the hopper such that the extraction 
duct is in fluid communication with an interior volume of the 
hopper. 

8. The feed center of claim 1, wherein the hopper includes 
a cap that is pivotable from a closed position to an open 
position. 

9. The feed center of claim 7, comprising an extraction 
duct, and wherein the cap defines an extraction port, and the 
cap is pivotable from the closed position to the open position 
when the extraction port is disconnected from the extraction 
duct. 

10. The feed center of claim 8, comprising a duct inlet 
portion having a duct aperture that is open to the extraction 
duct, and when the cap is in a raised or pivoted open 
position, an end portion of the extraction port is facing or 
received in the duct aperture. 

11. The feed center of claim 1, wherein the hopper 
comprises at least one outlet port in an outer wall of the 
hopper, the at least one outlet port being in fluid communi- 
cation with at least one applicator pump configured to apply 
suction to the hopper to pull fluidized powder coating 
material from the hopper. 

12. The feed center of claim 1, wherein the hopper is 
releasably connected to the fluidizing pressure source. 
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